Background: The GerdQ scoring system may be a useful tool for managing gastro-oesophageal reflux disease. However, GerdQ has not been fully validated in Asian countries. Objective: To validate the Japanese version of GerdQ and to compare this version to the Carlsson-Dent questionnaire (CDQ) in both general and hospital-based populations. Methods: The questionnaires, including the Japanese versions of GerdQ and CDQ, and questions designed to collect demographic information, were sent to a general population via the web, and to a hospital-based population via conventional mail. The optimal cutoff GerdQ score and the differences in the characteristics between GerdQ and CDQ were assessed. Results: The answers from 863 web-responders and 303 conventional-mail responders were analysed. When a GerdQ cutoff score was set at 8, GerdQ significantly predicted the presence of reflux oesophagitis. Although the GerdQ scores were correlated with the CDQ scores, the concordance rates were poor. Multivariate analysis results indicated that, the additional use of over-the-counter medications was associated with GerdQ score ! 8, but not with CDQ score ! 6. Conclusions: The GerdQ cutoff score of 8 was appropriate for the Japanese population. Compared with CDQ, GerdQ was more useful for evaluating treatment efficacy and detecting patients' unmet medical needs.
Introduction
The prevalence of gastro-oesophageal reflux disease (GERD) is dramatically increasing in both Western and Asian countries, including Japan. 1 To diagnose GERD objectively, invasive examinations such as oesophagogastroduodenoscopy and pH monitoring can be employed. However, these methods are inconvenient to patients and have limited availability for primary care physicians. Therefore, the current guidelines recommend a symptom-based approach for diagnosis and treatment, especially in the primary care of young patients, who have a short disease history and no alarm symptoms. 2 Primary care physicians experience the challenge of accurately diagnosing and effectively managing GERD with drugs that meet patients' satisfaction.
GerdQ is a self-administered 6-item questionnaire that was recently developed as a tool to improve and standardize symptom-based diagnosis and evaluation of treatment response in patients with GERD. 3 Norwegian researchers assessed the diagnostic validity of GerdQ, and they concluded that GerdQ is a useful, complementary tool for diagnosing GERD in primary care. 4 They also reported that a symptom-based approach using GerdQ reduced healthcare costs without a loss in efficacy. 5 In the development of GerdQ, GERD was diagnosed if patients fulfilled at least one of the following criteria: (i) oesophageal pH < 4 for >5.5% of a 24-h period, (ii) Los Angeles (LA) grade AÀD oesophagitis at endoscopy, (iii) indeterminate 24-h oesophageal pH in combination with a positive response to 14 days' esomeprazole treatment, and (iv) positive (>95) symptom association probability (SAP). 3 This suggests that the GerdQ scores might be well correlated with the severity of acid reflux. In the East Asia and Pacific regions, lower gastric acid secretion is generally observed, and the prevalence of reflux oesophagitis is comparatively low. [6] [7] [8] Therefore, the validation of GerdQ in Asian countries is important.
In the present study, we evaluated the usefulness of the Japanese version of GerdQ in two different Japanese populations: general and hospital-based populations. Among the hospital-based population, the association between the GerdQ score and the presence of reflux oesophagitis was assessed. In addition, to clarify the characteristics of GerdQ, the differences in the characteristics between the GerdQ and the Carlsson-Dent questionnaire (CDQ), which is a traditional questionnaire used for diagnosing GERD, [9] [10] [11] were investigated.
Materials and methods

Study population
The present study was approved by the ethics committee of the Keio University School of Medicine (2010-319, 5 April 2011). The questionnaires, which comprised the Japanese versions of GerdQ and CDQ, demographic information (age, gender, smoking habits, alcohol consumption, height, weight, and past medical history), and treatment history for upper gastrointestinal symptoms involving prescription or overthe-counter (OTC) medicine use, were sent to both a web-based and conventional mail-surveyed population. Participants for the web-based survey were randomly selected from subjects who had registered with a websurvey company and who had a present or past history of heartburn and/or regurgitation. They provided informed consent by checking a web box. On the other hand, patients who underwent oesophagogastroduodenoscopy at the Keio University Hospital between December 2010 and May 2011 were enrolled in the mail survey. The mails were sent in June 2011. Participants with malignant diseases, peptic ulcers, a history of gastric surgery, or systematic diseases affecting the upper gastrointestinal tract were excluded. Participants with heartburn and/or regurgitation more frequently than once a week were defined as having GERD. 12 The presence of erosive oesophagitis or positive proton pump inhibitor (PPI) response has not been taken into account for the diagnosis of GERD in the present study.
Individuals were categorized as 'non-smokers', 'exsmokers', '1-15 cigarettes/day', and '> 15 cigarettes/ day', according to the number of cigarettes consumed per day. With regard to alcohol consumption, individuals were categorized as 'abstainers', 'social drinkers', 'stopped drinking', '1-2 days/week', '3-4 days/week', and '5-7 days/week', according to the number of days alcohol was consumed per week. Body mass index (BMI, weight/height 2 ) was calculated. Participants were diagnosed with metabolic syndrome if they were overweight (BMI ! 25 kg/m 2 ) or they had hypertension, diabetes mellitus, or dyslipidaemia, according to their responses on the questionnaire. 13 For participants who responded via the mail survey, the severity of reflux oesophagitis was investigated using medical records.
Statistical analysis
Comparisons of two categorical variables such as gender and the presence/absence of diabetes, hypertension, dyslipidaemia, fatty liver, or the use of each medication were analysed using Fisher's Exact test. Other categorical variables such as smoking and alcohol consumption were analysed using Pearson's 2 test. Continuous variables such as age and BMI were analysed using Student's t-test. The cutoff value for the CDQ was set at 6, whereas the cutoff value of GerdQ was set at 8, in accordance with previous reports. 3, 9 The GerdQ cutoff value for predicting the presence of reflux oesophagitis was validated among the mail-surveyed population by using receiver operating characteristic (ROC) analysis. Subsequently, the correlations between the CDQ and GerdQ scores were analysed using Pearson's correlation analysis, and the concordance rates (kappa coefficient) were calculated between CDQ score ! 6 and GerdQ score ! 8. Finally, the associations of CDQ score ! 6 or GerdQ score ! 8 with demographic factors were analysed using univariate and multivariate logistic regression models. The multivariate logistic regression model was adjusted for age, gender, the presence of metabolic syndrome, and the use of both prescription and OTC medications. All statistical analyses were conducted using SPSS Statistics version 18.0 for Windows software (SPSS Japan, Tokyo, Japan). Two-sided p-values were considered statistically significant at a level of 0.05.
Results
Characteristics of participants
In the web survey, a total of 1630 participants were sent questionnaires, among which 1024 complete responses were received ( Figure 1a ). After excluding participants with malignant diseases (n ¼ 30) and those with peptic ulcers (n ¼ 131), the responses of the remaining 863 participants were used in the analysis. Among them, 362 participants were included in the GERD group. From the conventional mail survey, a total of 1109 patients were enrolled ( Figure 1b ). After excluding participants with peptic ulcers (n ¼ 32), histories of gastric surgery (n ¼ 7), malignant diseases (n ¼ 55), severe systematic diseases (n ¼ 22), and unknown addresses (n ¼ 153), 840 patients were sent questionnaires along with an informed consent form; of these, 303 patients gave complete responses. Among the 303, 127 participants were included in the GERD group. Demographic characteristics of these two populations were totally different except for BMI, as shown in Table 1 .
Optimal cutoff value of GerdQ for the prediction of reflux oesophagitis
Among the 303 included mail respondents, 21 patients had LA grade A oesophagitis, 12 had LA grade B oesophagitis, one had LA grade C oesophagitis, one had LA grade D oesophagitis, and the remaining 268 patients did not have reflux oesophagitis. To validate the optimal cutoff value of GerdQ for predicting the presence of reflux oesophagitis, the sensitivity, specificity, positive predictive values (PPVs), negative predictive values (NPVs), and area under the ROC curves (AUCs) were calculated ( Table 2) . When the cutoff value was set at 8, the PPV and AUC were the highest. A significant association between GerdQ-positive and the presence of reflux oesophagitis was also shown (p ¼ 0.02). These results revealed that a cutoff value of 8 was also most predictive of reflux oesophagitis in Japanese population. In addition, GerdQ score ! 8 showed higher specificity, PPV, and AUC than CDQ score ! 6 ( Table 2 ). These data indicated that GerdQ is more useful than CDQ for predicting the presence of reflux oesophagitis, although the sensitivity of GerdQ score ! 8 was low (34.3%).
Differences in characteristics between CDQ score ! 6 and GerdQ score ! 8
The GerdQ and CDQ scores were significantly correlated in both the web-based and mail-surveyed population ( Figure 2 ). However, many participants showed Patients with no answer (n = 537) CDQ score ! 6 and GerdQ score < 8, or CDQ score < 6 and GerdQ score ! 8, even in the GERD groups. This suggests that there are differences in the patient characteristics between populations of patients with CDQ score ! 6 and GerdQ score ! 8 populations. Since CDQ cutoff score is sometimes set at 4 in Japan, kappa coefficients between CDQ score ! 4 and GerdQ score ! 8 were also calculated. Using CDQ cutoff score of 6, kappa coefficients were 0.24 in web-based population and 0.27 in mail-surveyed population, whereas, using CDQ cutoff score of 4, kappa coefficients were 0.22 in web-based population and 0.25 in mail-surveyed population. All of the kappa coefficients were < 0.4, which indicates poor concordance. Therefore, the average score of each question of GerdQ was compared between participants with CDQ score ! 6 and CDQ score < 6 ( Table 3 ). The scores of question 1, 2, 5, and 6 in GerdQ were significantly higher in CDQ score ! 6 than CDQ score < 6. On the other hand, the score of question 3 in GerdQ was significantly lower in CDQ score ! 6 than CDQ score < 6. The score of question 4 in GerdQ was not different between CDQ score ! 6 and CDQ score < 6. These showed that question 3 and 4 in GerdQ caused poor concordance about the diagnosis of GERD using GerdQ and CDQ.
Subsequently, the associations of CDQ score ! 6 and GerdQ score ! 8 with demographic information were analysed among GERD groups using logistic regression models. The results of univariate analysis involving GERD patients responding to the webbased survey showed that, men and the presence of metabolic syndrome were associated with CDQ score ! 6, whereas older age, the presence of metabolic syndrome, and the use of both prescription and OTC medications were associated with GerdQ score ! 8 ( Table 4 ). Among GERD patients in the mail-survey population, no association was observed between CDQ score ! 6 and demographic factors, whereas men and the presence of metabolic syndrome were associated with GerdQ score ! 8. The use of both prescription and OTC medications was marginally associated with a GerdQ score ! 8 (p ¼ 0.06). Finally, multivariate logistic regression analysis was performed with adjustments for age, gender, the presence of metabolic syndrome, and the use of both prescription and OTC medications ( Table 5 ). According to the multivariate analysis results, among GERD patients in the web-surveyed population, men were associated with CDQ score ! 6, whereas older age and the use of both prescription and OTC medications were independently associated with GerdQ score ! 8. Contrarily, among GERD patients in the mail-surveyed population, men and the use of both prescription and OTC medications were independently associated with GerdQ score ! 8. These results suggest that the use of both prescription and OTC medications would be associated with GerdQ score ! 8, but not CDQ score ! 6, in any population.
Discussion
When the GerdQ was developed as an exploratory part of the DIAMOND study, a cutoff of 8 showed the highest specificity (71.4) and sensitivity (64.6) for GERD. The present study also showed that a GerdQ cutoff of 8 gave the best balance with regard to sensitivity and specificity for reflux oesophagitis in Japanese populations. The reason for the low positive predictive value (20.3) would be that the prevalence of reflux oesophagitis is low in GERD patients. Previous data showed that the prevalence of non-erosive reflux disease (NERD) in medical check-up studies was about 70À80% in Asian GERD population. 14 
Patients with
GerdQ score ! 8 but without reflux oesophagitis were thought to be NERD patients.
According to the univariate logistic regression analysis, the presence of metabolic syndrome was associated with GerdQ score ! 8 in both the web-and mail-surveyed populations. Because metabolic syndrome is well known to be associated with the development and progression of GERD, 15 the association between GerdQ score ! 8 and metabolic syndrome also suggests that GerdQ is useful for diagnosing GERD in Japanese individuals. On the other hand, CDQ score ! 6 was also associated with the presence of metabolic syndrome in the web-surveyed population, but not in mail-surveyed population. CDQ cannot be used to distinguish between GERD and functional heartburn, 16 and functional heartburn is not associated with metabolic syndrome. 17 CDQ score ! 6 was not associated with metabolic syndrome in the mailsurveyed population because more patients with functional heartburn were included in the population. In addition, epigastric pain (question 3 in GerdQ) was more frequent in participants with CDQ score ! 6 than those with CDQ score < 6, suggesting that participants with CDQ score ! 6 were likely to have functional dyspepsia. These results suggest that GerdQ would be more useful for distinguishing between GERD and functional upper gastrointestinal disorders (heartburn and dyspepsia) than CDQ. However, GerdQ has limitations to distinguish between GERD and functional heartburn. Although positive PPI response and SAP were taken into account to diagnose GERD in the development of GerdQ, some researchers have reported that positive PPI response cause overestimation of functional heartburn patients. 18, 19 SAP might be overinterpreted in patients with refractory GERD especially when low reflux rates are observed. 20 In addition, nonacid reflux, which is reported to be involved in the development of reflux symptoms, was not taken into account in GerdQ. 21 Therefore, to validate how useful for distinguishing between GERD and functional heartburn, GerdQ should be evaluated using combined impedance pH monitoring. According to the multivariate logistic regression analysis, the additional use of OTC medications was well associated with GerdQ score ! 8 in both populations. The additional use of OTC medications may indicate that prescription medicines are inadequate for treating reflux symptoms. This result suggests that the GerdQ would be useful for evaluating treatment response and for detecting unmet medical needs.
Limitations of the present study include the absence of pH monitoring for the mail-surveyed population. The pH monitoring data might have revealed the prevalence of NERD and functional heartburn in this population, and the optimal cutoff value of GerdQ and the differences between GerdQ and CDQ might have been more clearly evaluated. The low response rate for the questionnaires in the mail-surveyed population might have caused selection bias.
In conclusion, the present study is the first study to evaluate the usefulness of GerdQ in Japanese population. The GerdQ cutoff score of 8 was found to also be appropriate for the Japanese population. The GerdQ was better able to detect unmet therapeutic needs. Symptom-based management of GERD using GerdQ would be beneficial in Japan, as was revealed in Western countries. Values are odds ratio (95% CI). Bold indicates significant differences. CDQ, Carlsson-Dent questionnaire; OTC, over-the-counter.
